The article presents the results of experimental and theoretical studies of strength and deformability of steel-fiber concrete double-sided pre-stress slabs under the action of transverse loading. The simulation of such plates in the software complex LIRA-SAPR was performed taking into account the physical nonlinearity of materials.
Introduction
In connection with the search for new high-strength materials with high deformation characteristics, materials are now becoming increasingly popular with the use of composite impurities. These materials include steel-fiber reinforced concrete, which is characterized by increased bending strength and high deformability. These characteristics are very important for modern construction, which is characterized by an increase in spans and a decrease in the weight of building structures. The use of large-sized elements in the form of plates, panels are economically proven. It is also proved that the use of biaxial structures is most appropriate. Therefore, the study of strength and deformation characteristics of double-sided pre-stressed steel-fiber reinforced concrete slabs is a rather actual and practically unresolved problem.
Formulation of the problem
The study of the properties of steel fiber reinforced concrete was engaged in many domestic and foreign scientists [1, 3, 4, 5, 7, 10] . These studies have shown the prospect of using steel-fiber concrete in the construction industry. Most of the works were devoted to studying the characteristics of steel-fiber reinforced concrete, such as the influence of the form, number, orientation, strength and shape of steel fibers, as well as the structure and strength of the concrete matrix on strength, deformability, frost resistance, water resistance, crack resistance and other characteristics of steel fiber reinforced concrete. But works devoted to the study of pre-compressed steel-fiber concrete in one and two directions are not enough..
The purpose of research
The urgency of the work carried out is that data for the use of steel-fiber concrete in pre-stressed structures is not enough, the more intense in two directions. To remedy this gap in the prospective study of material use, experimental studies were carried out on single-and double-acting pre-stressed steel-fiber reinforced concrete slabs with different levels of compression.
Research methodology
Two series of slabs of 800x800x40 mm with different fibrous reinforcement were investigated. The I series was reinforced with a mixture of steel fibers of the STAFIB 50/1,0 and STAFIB 30/0,6 with anchors at the ends, the percentage ratio of which was 0,5% by volume of each fiber. Samples of the II series contained 1,0% wavelength fibers of the brand NOVOKON URW 50/1,0. Portland cement brand M400 was used for all samples, and quartz sand as a fine aggregate. The composition of steel-fiber reinforced concrete in volume was adopted in a proportion of 1:3 cement to the sand with water-cement ratio of 0,62.
Steel-fiber reinforced concrete slabs were made in inventory metal formwork. Concreting was carried out in a horizontal position. The seal of steel-fiber reinforced concrete took place within 2...3 minutes by a surface vibrator.
The study used plates after lengthy studies to determine the losses of previous stresses from shrinkage and creep steelfiber reinforced concrete. The volume and characteristics of the sample plates before the study are shown in Table 1 . The levels of pre-bending of steel-fiber reinforced concrete at the time of applying a uniform load were determined to take into account the losses of the previous tension from shrinkage and creep of steel-fiber reinforced concrete.
The stamping of the plates was made hinged on four sides at a distance of 50 mm from the side faces of the slab. The loading of the plate was carried out by 16 lumped forces in accordance with the scheme shown in Figure 1 .
During loading of slabs, deflections were measured in the center of the slabs. For this purpose, indicators of a clock type with a price of 0,01 mm were used. In addition, measurements were made of moving the plate over the supports.
The load was created by two hydraulic jacks with a strength of 200 kN each. After that, the load through the traverse system was transferred to the slab Figure 1 .
The load was carried out in step P1 = 2 kN with a delay of 5...8 minutes at each step for measuring deflections. The value of the load was fixed according to the indicators of the sample manometer of the hydraulic pumping station. Before starting the experiments, the entire hydraulic system (pump station, jack, model gauge) was trolled using a master proving ring. 
Research results
During the study, efforts were made to crack cracks and destroy the efforts of pre-stressed steel-fiber reinforced concrete slabs and plates without prior tension Table 2 . From Table 2 it is evident that in the slabs I-PP-0,7/0,7 the visual appearance of cracks was recorded at loading of P crc,1 = 11, 8kN, in plates I-PP-0,7/0,3 -with P crc,1 = 15, 1kN in slabs I-PP-0,7/0,0 -at loading P crc,1 = 6, 85kN. The appearance of cracks in an I-PW-U slab is fixed at loading P crc,1 = 5, 4kN, which is earlier than in the pre-stressed plates.
Cracking in slabs of the second series II-PP-0,7/0,0 and II-PP-0,7/0,3 was fixed at loading P crc,1 = 9, 8kN, and in slabs II-PP-0,7/0,7 -at loading P crc,1 = 11, 3kN. The appearance of cracks in the non-pre-stressed slab II-PP-S was fixed at loading P crc,1 = 5, 4kN.
Analyzing the obtained data, one can see the growth of the cracking effort when increasing the efforts of the previous tension, as well as the effect of lateral compression on these values.
It has been experimentally proved that the character of the cracks in the pre-stressed and non-pre-stressed slabs is different. In slabs I-PP-S, the first cracks arose in the zones of maximum bending moments in parallel with the rods of the valves of both directions. In slabs I-PP-0,7/0,0, similar cracks formed only in directions perpendicular to non-elastic rods. Cracks in the corners of the lower surfaces formed in all slabs practically at the same load. In the direction of these cracks, there was a destruction of the slabs.
Slabs of the series II-PP-0,7/0,7 were destroyed at loading P 1 = 25, 1kN, and slabs I-PP-0,7/0,3 -at P 1 = 22, 1kN. The destructive load in the slabs I-PP-0,7/0,0 was P 1 = 17, 6kN. The non-pre-stressed slab I-PP-S collapsed at P 1 = 15, 7kN, but it should be noted that one of these slabs was destroyed at P 1 = 19, 6kN, which is not much less than the pre-stressed slabs. Such a discrepancy among the sample slabs arose Volume 2, Issue 3, 2018 pages: 10-14 (XX) as a result of the adopted step of reinforcement along the Y-axis. The destruction of the slabs of the second series II-PP-0,7/0,7 occurred at loading P 1 = 26, 9kN, and slabs II-PP-0,7/0,3 -at P 1 = 23, 1kN. The destructive load in slabs II-PP-0,7/0,0 was P 1 = 18, 6kN. The uneven slab II-PP-S collapsed at P 1 = 21, 1kN.
Numerous studies
For verification of experimental studies, the calculation of steel-fiber reinforced concrete slabs using the software complex LIRA-SAPR was performed, which allows simulating the work of reinforced concrete structures taking into account physical and geometric nonlinearity [1, 4] .
To determine the stress-strain state of steel-fiber reinforced concrete slabs a calculation scheme was created. The slabs were modeled with square and rectangular finite elements (KEs) according to the recommendations [1, 4] . Efforts of the previous tension were given in the form of concentrated external forces applied at the corresponding nodes (Fig. 2) . The step of reinforcement for different boards along the Xaxis was the same and amounted to 89 mm, and along the axis of Y ranged from 89 mm to 133 mm. Thus, two different calculation schemes were created to calculate the slabs, which took into account the uneven application of forces.
Scheme 1 is created for double-sided pre-stress slabs with the same level of compression and one-sided pre-stress slabs squeezed Figure 2 (a). Scheme 2 is designed for non-prestressed slabs and for pre-stressed slabs with different levels of compression Figure 2 (b) . Scheme 1 consisted of 500 finite elements and 441 nodes, Scheme 2 -out of 624 finite elements and 675 nodes. The following directions of coordinate axes are taken: axis X is directed from node 1 to node 22 for circuit 1 and from node 1 to node 28 for circuit 2, axis Y -from node 1 to 2, and axis Z forms with axes X and Y right three.
The stiffness of the slabs was set from the library of finite elements of PC LIRA-SAPR, which allows taking into account the physical and geometric nonlinearity in the calculation. The following inputs are used for calculation: h -the thickness of the slab; v -Poisson coefficient; E c f -modulus of elasticity of steel fiber reinforced concrete; f f cd -design strength of steel-fiber reinforced concrete to compress (prism strength); f f ctd -design strength of steel-fiber reinforced concrete to tensile strength; E s -module of elasticity of reinforcement; f yd -design strength of steel reinforcement to tensile strength; H i -height (thickness) of the plot; A sxi -the area of the steel reinforcement is located along the X-axis on a running meter of the section; A syi -the same, along the axis of Y. [8, 9] To simulate the work of steel-fiber reinforced concrete, the piecewise-linear deformation law was used, and for the reinforcement, it was an exponential deformation law.
The calculation was made for loads that correspond to loading steps, and the magnitudes of the efforts of the previous tension were taken according to the already established before the study of stress in the valve, taking into account all losses [2] .
Theoretical and experimental graphs of deflections are shown in Figure 3 and Figure 4 . Analysis of the graphs shows a sufficient comparison of theoretical and experimental data.
Conclusion
Thus, it can be stated that the cracking forces in double-sided pre-stress slabs are 2 times higher than one-sided pre-stress slabs and 2,5 times higher than in non-pre-stressed slabs. The forces of cracking one-sided pre-stress slabs are higher than non-pre-stressed slabs in 1,3...2,1 times. The previous tension does not significantly affect the size of the bearing capacity of the slabs. Moreover, there is a slight decrease in the strength with increasing intensity of concrete bending with pre-stressed reinforcement in the direction of the Y-axis. But these changes are not significant and are within the limits of permissible scattering of results, which allows us to make reliable conclusions.
PC LIRA-SAPR gives an opportunity with a sufficient degree of accuracy to simulate the work of double-sided prestress steel-fiber reinforced concrete slabs. 
